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Radiation Surveillance Network 


Division of Radiological Health, Public Health Service 


The Public Health Service Radiation Surveil- 
lance Network was established in 1956 in co- 
operation with the Atomic Energy Commission 
to provide a means of promptly determining in- 
creases in levels of environmental radioactivity 
due to fallout from nuclear weapons tests. Dur- 
ing the period reported, it consisted of 45 sta- 
tions at urban locations (see figure 1) operated 
by State and local health department person- 
nel with 2 of the stations operated by Public 
Health Service personnel. The Network was 
expanded in September, following the resump- 
tion of nuclear weapons testing. 

Measurements of gross beta radioactivity in 
air are taken as they provide one of the earliest 
and most sensitive indications of increases of 
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FIGURE 1—RADIATION SURVEILLANCE NET- 


WORK SAMPLING STATIONS 








SECTION I. — AIR 


activity in the environment and thus act as an 
“alert” system. A direct evaluation of biological 
hazards is not possible from these data alone. 
Field measurements enable the operator to 
estimate the amount of beta activity of particu- 
lates in air at the station five hours after collec- 
tion by comparison with a known source using 
a portable survey meter. The filters are then 
forwarded to the central laboratory of the 
Radiation Surveillance Network in Washing- 
ton, D.C., for a more refined measurement 
using a thin window proportional counter. The 
station located at Atlanta, Georgia, conducts its 
own laboratory analyses. 

Air samplers were in operation at the 45 
stations on an average of 70 percent of the 
week. Air is drawn through a cellulose carbon- 
loaded dust filter using a high volume air 
sampler. The radioactive material in fallout 
adhering to small particles is retained on the 
filter. Some gaseous fission products are ab- 
sorbed by the carbon. The contribution by 
gaseous fission products has represented only a 
small part of the total beta activity in these 
samples. 

Values for June and July 1961 as presented 
in tables 1 and 2 are generally below limits of 
detection by present instrumentation. 

Due to the resumption of nuclear weapons 
testing, a renewed interest in the results of the 





TaB_eE 1.—RADIOACTIVITY OF PARTICULATES IN AIR, JUNE 1961 GROSS BETA DETERMINATIONS 
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TasL_e 3—DAILY MEASUREMENTS OF FISSION PRODUCT GROSS BETA ACTIVITY IN SURFACE AIR AT 
SELECTED STATIONS, SEPTEMBER 19-30, 1961 


{Concentrations in uuc/m!) 

















September 
Station location | ] | | 
19 20 | 21 22 23 24 25 26 27 28 9 30 
— | | | 
DEE, sinktink dGbintiannmmenin 1.14 1.19 | 3.36 | 6.23 1.89 0.69 0.83 0.95 0.75 6.63 2.97 3.12 
® (6) (7)| (15) (20) (i) |} = a7) (12) |} = (4) (13) (15) (20) 
at RE, SE etn cadukdibadeanneeewes 0.93 0.71 | 0.96 3.66 6.63 1.68 | 5.79 3.56 4.47 5.65 5.80 4.54 
(9) (21) (19) (19) (9) (15) (17) (16) | (16 (19) (17) 
I By OD aioe incerecoouserhnisisinadieesteides 39.02 | 17.16 2.79 50.25 41.88 10.78 | 5.84 | 2.36 2.75 4.5 6.58 12.25 
(7) (11) | (17) (7) | (15) (15) | (21) (16) (19) (16) (17) (17) 
Is SP hnctenia mabaaaedinnaceaed } 113.21 2.22 | 1.74 9.75 | 33.39 38.64 | 8.32) 16.42 | 8.42 6.86 8.78 2.49 
(9) (6) | (14) (14) (16) (16) (18) (20) | (16) (20) (17 (20) 
I: Silbcinttrccccnmctiiecsaccnones 59.94 100.64 | 296.30 60.61 4.26 1.37 <0.1 7.42 | 7.60 6.76 10.5! 6.87 
(8) (11) | (14) | (15) (17) (16) (17) (19) (18 (if (9) 
Ps Sh dine vcccnacdabedbsatnbaetacee 64.49 302.33 | 280.85 8.21 1.96 0.20 3.61 5.45 6.11 6.14 3.29 2.72 
(7) (11) | (15) (18) | (24) | (20) (19) (18) | (13 (21 (21) 
DRI, Fe itrveccccsncsacsasinsckeeens |} 20.85 79.47 | 8.61 166.78 11.37 1.64 0.65 2.82 8.28 6.32 13.60 | 15.91 
(11) (17) (8) (17) (19) | (30) (13) | (19) (18) (19) (23) 
I: SN onc uncocesdismiedninbs 31.43 | 131.58 365.00 | 3.47 1.26 13.37 10.00 3.00 3.65 7.85 9.74 4.89 
(16) | (11) } (14) (16) (12) (17) (19) (19) (18) (15) (17) (16) 
Re ATS Ses ANSE me 11.98 21.45 28.41 81.72 40.65 14.98 6.93 1.10 3.53 6.91 9.55 7.15 
(7) (11) (13) (13) | (15) (17) (26) (17) (16) (15 (16) (17) 
al 28.99 3.99 | 1.48 56.55 23.44 7.16 3.44 3.31 3.15 ). 60 6.85 7.5 
| (7 (9) | (16) (14) | (15) (15) (18) (17) (18) (18) 18 (15) 
Ee ee ee ee | 140.00 155.00 | 11.44 | 1.26 0.38 0.45 1.00 1.68 6.06 7.98 6.50 4.42 
| (8) (11) | (17) (20) | (27) (16) (25) (19) (16 20) (20) 
ee SN Cl, Weve ctdtddtccesctnscksn 0.81 1.40 | 11.09 | 5.05 | 4.66 ). 81 6.19 8.42 13.85 10.12 03 24.75 
(7) | (13) (18) (16) (17) (18) (17) (17) (12 17) l 
hs cate nadiicienetdnddensadentian 22 | 0.52 0.60 0.31 | 0.30 0.99 3.68 4.18 4.67 2.02 1.34 1.50 
(20) (17) (19) (14) (17 17 21 13 19 





® Parenthesis denotes age of fission products in days. 


Radiation Surveillance Network has been evi- 
denced. Field measurements of gross beta de- 
terminations from stations showing increased 
readings have been released by the Public 
Health Service and published almost daily by 
newspapers. Table 3 presents confirmed daily 
laboratory results for September 19-30 for sta- 
tions selected to provide geographical coverage. 

Iso-concentration maps based on laboratory 
results of fission product gross beta concentra- 





tions in surface air are presented in figure 2 
for the period September 16 through Septem- 
ber 27, 1961. A chronological comparison of 
these maps show that while the levels in some 
sections of the United States exceed 500 
uuc/m*, the air masses did not remain sta- 
tionary in any one location. Because of this 
transitory nature of the contaminated air, the 
resultant inhalation hazard extremely 
small. 
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FigurE 2.—DAILY ISO-CONCENTRATION CONTOURS OF FISSION PRODUCT GROSS BETA ACTIVITY 
IN SURFACE AIR—Continued 
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Surface Air Radon, Thoron, and Fission Product 
Gross Beta Concentrations At Cincinnati, Ohio 


Robert A. Taft Sanitary Engineering Center, Public Health Service 


Natural background radioactivity in our at- 
mosphere is an important public health con- 
sideration because the exposure levels from 
natural radiation can be used as a base for 
comparative evaluations of exposures from 
artificially produced radionuclides. Natural 
radioactivity in surface air is attributed to a 
number of unstable nuclides other than those 
produced by man. The earth’s crust contains 
trace amounts of uranium and thorium that 
occur naturally and which decay through a 
series of their daughter products. These decay 
products of uranium and thorium are intro- 
duced into surface air through their rare gas 
daughters, radon (radon-222) and _ thoron 
(radon-220), which in turn continue to decay 
through the uranium and thorium series, 
respectively. The radon and thoron content of 
air depends on the escape of these rare radio- 
active gases from the earth. Concentrations 
depend on prevailing atmospheric conditions 
such as ambient temperature, humidity, and 
pressure, and on soil conditions such as mois- 
ture, porosity and temperature. 

Most of the natural radioactivity in surface 
air is due to radon (Rn***) and its daughters. 


Thoron (Rn?°) and its daughters contribute 
much less because of thoron’s short half-life 
and hence, a lower diffusion rate from the soil. 

The Radiological Health Research Activities, 
Research Branch, Division of Radiological 
Health, Public Health Service, performs a con- 
tinuous daily sampling program for radon 
(Rn***), thoron (Rn**°), and gross beta fission 
product concentrations in surface air. The 
gross beta activity of atmospheric particulates, 
when measured several days after sample col- 
lection, is principally due to artificially pro- 
duced radionuclides. 

Radon-222 concentrations are determined 
from alpha measurements made immediately 
after the sampling period (24 to 72 hours) has 
ceased. Reported radon-222 (a.m.) concentra- 
tions have been corrected for any radon-220 
daughter interferences. Radon-222 (p.m.) 
concentrations are derived from alpha measure- 
ments made in the afternoon (3 p.m.) ap- 
proximately 7 hours after the new sampling 
period has begun. These values are from the 
same filters that are counted at 8 a.m. the 
following day. Reported radon-222 (p.m.) con- 
centrations are uncorrected for any radon-220 


TaBL_e 1.—SURFACE AIR RADON (Rn), THORON (Rn™), AND FISSION PRODUCT GROSS BETA 


CONCENTRATIONS, JUNE 19-JULY 14, 1961 
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Rn222 Rn?222 Rn220 Beta 


Sample 8 a.m. 3p.m. | (ypc/m*) | activity 
period Volume Muc/m?) éyuc/m!) pyuc/ms 
hours | mé# 
a 
72 83.8 580 120 8.4 | 0.11 
23.§ 28.4 550 120 3.9 | 0.24 
24.0 28.5 300 180 3.2 | 0.12 
24.1 28.5 550 100 7.2 0.13 
23.9 28.3 220 70 2.4 0.12 
71.9 85.3 800 100 8.6 0.10 
24.0 28.8 | 760 120 8.0 0.13 
23.9 28.3 810 130 9.0 0.16 
24.0 28.5 1040 160 10.9 0.23 
24.0 28.6 SUO 140 10.6 0.1 
72.0 83.9 330 100 4.2 0.2 
47.9 56.4 240 200 4.1 0.11 
24.0 28.7 | 240 160 1.8 0. 
23.9 28.5 | 680 90 2.9 0.07 
72.0 83.58 120 0.09 
23.9 28.7 800 160 8.2 0.11 
24.1 28.7 710 270 Zam 0.1 
24.1 28.4 410 120 3.0 0.04 
23.8 28.7 370 70 2.0 0.1 
seecsneuace 10 130 ) ( 
selietriaeinaonndninisieads 60 30 1.1 
ptiiiitaeddieed aameinenetinle 30 15 0. 
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2.—SURFACE AIR RADON (Rn), THORON (Rn”*), AND FISSION PRODUCT GROSS BETA 
CONCENTRATIONS, JULY 17-AUGUST 11, 1961 








Continuous sample collection 


End of sampling period Sample 


change 














Rn Rn” R Beta 
Sample 8 a.m 3 p.m pyc activity 
period Volume pyc/m? pc/m* ppc/t 
hours m* 
71.8 86.8 230 110 2 
24.1 29 640 120 7 
24.0 29.1 210 110 i 10 
23.8 28.9 160 100 t 02 
23.9 29.0 420 110 2 4 
| 72.0 86.9 260 90 04 
23.9 29.3 170 140 l 
24.0 29.5 540 120 | 01 
24.2 29.2 750 120 1.8 01 
23.6 28.9 550 170 § 06 
72.0 nf. 7 320 150 2.4 4 
24.4 29.7 350 12 2 06 
23.7 28.6 440 120 2 O1 
24.0 28.6 250 130 I 1.09 
23.9 28.7 700 100 3 0.10 
72.1 84.0 800 160 5.9 06 
23.9 28.7 890 150 13 
24.0 28.7 740 100 f 13 
23.9 29.0 360 110 2.8 12 
24.1 29.3 160 170 l 17 
SS a ee 460 12! 0 
a= 5O 20 ) 04 
. Se aa 20 17 0.4 0.01 


which is programmed for thirteen four-week 
periods per calendar year. The data for the 
periods June 19-July 14, and July 17-August 
11, 1961 appear in tables 1 and 2. 


REFERENCE 


Setter, L. R. and Coats, G. I., “The Determination of 
Airborne Radioactivity,” American Industrial Hy- 
giene Association Journal, Vol. 22, No. 1, Feb. 1961. 
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1.) tions are determined from alpha measurements 
re- made on the sample used to evaluate the cor- 
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Radioactivity Measurements In Air 
0.11 
O12 U.S. Naval Research Laboratory 
0.12 
0.10 
+t Radioactivity measurements of air-filter 
019 samples collected at various sites near the 80th 
0 i Meridian (West) are made by the U.S. Naval 
0.07 Research Laboratory under a program par- 
0.11 tially financed by the Atomic Energy Com- 
a mission. 
0.13 The daily record of fission product beta 


0.08 activity during June 1961 is presented in table 
1, and the radioactivity profile for the same 








month and the first and second quarters of 
1961 are shown in figure 1. This figure il- 
lustrates the data plotted in semilogarithmic 
coordinates. The abscissa is expressed in micro- 
microcuries per cubic meter of surface air. The 
concentrations in table 1 are expressed in dis- 
integrations per minute per cubic meter of air 
at the collecting site (2.2 disintegrations per 
minute per cubic meter equals 1 micromicro- 
curie per cubic meter). 
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FiGURE 1—PROFILE OF BETA ACTIVITY, AVER- 
) AGE MEASUREMENTS OF SURFACE AIR AT 
STATIONS NEAR THE 80TH MERIDIAN (WEST), 
| FIRST QUARTER, SECOND QUARTER, AND 
JUNE 1961 
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FicguRE 2.—ATMOSPHERIC RADIOACTIVITY 
SAMPLING STATIONS NEAR THE 80TH MERID- 
IAN (WEST) (From NRL Report 5359, 
September 1959) 
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SECTION I. — MILK 


Milk Monitoring Program 


Division of Radiological Health, Public Health Service 


There are two Public Health Service Milk 
Monitoring Programs. The original network 
consisted of five milkshed sampling stations. 
It was later expanded to twelve stations, nine 
of which are still active. Raw milk is spot 
sampled at these stations. During 1960 a 
processed milk sampling program of 60 sta- 
tions was established. Since the sampling pro- 
cedures for the raw milk sampling stations 
and the processed milk area sampling stations 
are different, they are described and reported 
saparately. The Public Health Service Robert 
A. Taft Sanitary Engineering Center, Cincin- 
nati, Ohio, continues to conduct the analyses 
for the original network stations; the Public 
Health Service Southeastern Radiological 
Health Laboratory at Montgomery, Alabama, 
and the Southwestern Radiological Health 
Laboratory at Las Vegas, Nevada, provide 
analytical services for the new program. 

The objectives of the two sampling programs 
are not the same. The original network was 
established to develop sampling and radio- 
chemical analytical proficiencies under condi- 
tions which would remain similar over a period 
of time in regard to the source of milk. During 
the operation of this program it became ap- 
parent that a broader sampling program more 
directly related to the milk consumed by the 
population was necessary. The Public Health 
Service, Department of Health, Education, and 


Welfare, acted to provide facilities for this 
change. This resulted in the transition from 
the program of sampling raw milk, collected 
from milksheds of limited size, to a sampling 
program designed to be representative of the 
processed milk consumed in a given munici- 
pality. 

In some instances, the newly designated sta- 
tions are the same as those which were re- 
ported originally. The establishment of the 
new processed milk area sampling stations 
does not preclude the need for further raw milk 
sampling from the selected milkshed serving 
the same city. It is important that both net- 
works be in operation for a sufficient period of 
time to provide an overlap for the purpose of a 
comparative study. 

Because of the different sources of these 
samples, changes in the method of collecting 
samples, and the utilization of different 
laboratory techniques, differences were antic- 
ipated in the amounts of radioactivity in the 
milk under the two programs. For this reason, 
an investigation to determine the comparability 
of the two programs was begun in January 
1961. This investigation covers many factors 
including laboratory methodology and collec- 
tion methods. Until this study has been com- 
pleted, and additional experience has been 
gained under the new program, no valid inter- 
pretation cen be made of any differences of 




















oe 


radioactivity in milk samples collected under 
the two systems. 


Publication of the data from each program 
will normally follow about four months after 
sample collection because of the time required 
for shipment, processing, decay product build- 
up, compilation of the data, and clearance and 
publication procedures. 


Raw Milk Sampling Stations 


The initial purpose of establishing this net- 
work was in keeping with the normal and con- 
tinuing program of the Public Health Service 
to determine trends in our changing environ- 
ment with respect to measuring the amounts 
of radioactivity in water, air, milk, and other 
foods. Milk was the food chosen for initial 
testing because it is among the most important 
components of the diet and is available at all 
seasons of the year and in all climates. A 
primary objective of the project was to develop 
effective collection systems and radiochemical 
analysis procedures which would make them 
more suitable for larger scale programs. 


The criteria on which the selection of the 
original sampling stations was based appeared 
in the discussion sections of all Volume I issues 
of Radiological Health Data. 


For the period reported, one-gallon raw milk 
samples were collected from a dairy company 
once each month and forwarded by air parcel 
post to the Robert A. Taft Sanitary Engineer- 
ing Center for radionuclide analyses. These 
samples represent between 2,000- and 90,000- 
gallon lots. The concentration of iodine-131, 
barium-140, and cesium-137 are currently be- 
ing measured by gamma scintillation spectros- 
copy. Total radiostrontium and strontium-90 
are determined following radiochemical separa- 
tions. The amount of strontium-90 is calculated 
by measuring the buildup of the strontium-90 
daughter decay product, yttrium-90, over a 
two-week period. Measurements are made in 
a low background anticoincidence beta counter. 
The total radioactive strontium is counted in a 
shielded internal proportional counter. The 
difference between the total strontium and 
strontium-90 is reported as_ strontium-89. 
Stable calcium is also determined. 


The April through September 1960 issues of 


482 


Radiological Health Data list references for 
technical descriptions of analytical procedures, 

Table 1 presents second quarter 1961 aver- 
ages and the June 1961 data for the raw milk 
sampling stations. 


Processed Milk Area Sampling Stations 


The processed milk surveillance program 
will provide additional information on levels of 
radioactivity in milk consumed by the public. 
The new stations have been established in co- 
operation with State and local health and milk 
sanitation agencies. Each city has been selected 
to provide adequate coverage with respect to 
production areas and the consuming popula- 
tion. The emphases of this expanded sampling 
and radioassay program are: 


1. to measure the levels of radioactivity of 
the milk consumed by the public in various 
regions of the country by obtaining 
samples of parteurized and homogenized 
milk at the processing plant, and 

. to provide one sampling point within each 
State with additional points when indi- 
cated by widely varying conditions of the 
milk supply or the need to provide cover- 
age of large population groups. 


to 


The new network was designed to sample 
processed milk rather than the raw product. 
The sampling procedure was developed to pro- 
vide a sample from one day’s sales per month 
in a community which would be as representa- 
tive of the total supply as can be achieved 
under practical conditions. Each sample is a 
composite of those plants supplying not less 
than 90 percent of a city’s milk supply. The 
contribution from each plant to the total 
sample is approximately proportional to the 
volume of milk sold. 

The samples from the new stations are col- 
lected with the assistance of the various State 
and local health and milk sanitation agencies 
and are shipped for analyses to either the 
Southwestern or Southeastern Radiological 
Health Laboratory. The Southeastern Radio- 
logical Health Laboratory processes samples 
from the 30 states generally east of the Mis- 
sissippi, and the Southwestern Radiological 
Health Laboratory processes samples from the 


Western States. Figure 1 shows the locations of 
these stations. 


mM*2OOdt> | 





Radioassays for Sr®, Cs**’, Sr**, Ba**°, and 
I’: are performed. The values for Sr**, Ba**®, 
and I'** during the second quarter 1961 were 
below the levels of detection by current instru- 
mentation and are therefore not shown in table 
2. The lower level of detection for Sr*® is 5 
yuc/liter, and for Ba‘, and I***, 10 pyc/liter. 
Other radionuclides of concern to public health 
agencies will be included for assay as necessary 
for a more complete monitoring of the milk 
supply. 


Due to the resumption of nuclear weapons 
testing, a program of daily sampling for [™ 
analyses was initiated at selected stations in 
areas where the highest concentrations were 
anticipated. Table 3 presents daily laboratory 
results from the beginning of daily sampling 
on September 19 through October 10, 1961, for 
the stations selected. The latest possible re- 
sults will continue to be published in future 
issues of Radiological Health Data. 


TaBLE 1.—RADIOACTIVITY IN MILK—RAW MILK SAMPLING STATIONS, SECOND QUARTER AND JUNE 1961 


[Radioactivity concentrations in uyc/liter) 





Calcium 
grams/liter) 


Strontium-90 Cesium-137 





Second | Second 
quarter | June | quarter | June 


Second 


quarter | June 





Atlanta, Ga | : 19 : 13 | 
Austin, Tex 16 15 3 | 3 


Chicago, Ill li ll 5 | 
Cincinnati, Ohio-_-_-} 17 .18 10 
New York, N.Y-_-.| : 14 : 9 | 


Sacramento, Calif. ‘ -16 : 3 | 
| 











| 





Calcium 
grams/liter) Strontium-90 
| 

Second 

quarter 


Second | 


June | quarter; June quarter | June 


Salt Lake City, 


Utah 


Spokane, Wash 
St. Louis, Mo 


Network average... 





for Sr*, 














Note: I'#, Sr®, and Ba'° are below minimum detectable limits for samples collected in June. These limits are 10 uyc/liter for I! and Ba’ and 5 uyc/liter 





FIGURE 1.—PROCESSED 


MILK AREA SAMPLING STATIONS 
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PROCESSED MILK AREA SAMPLING STATIONS, SECOND QUARTER 
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SECTION Il. — WATER 


National Water Quality Network 


Division of Water Supply and Pollution Control, Public Health Service 


The National Water Quality Network 
operates under the provision of Section 4 (c) 
of the Federal Water Pollution Control Act, 
which states “ ... The Secretary shall 
collect and disseminate basic data... (relat- 
ing) to water pollution and the prevention and 
control thereof.” 

This Network, operated in cooperation with 
State and Local agencies, and industrial organi- 
zations commenced operations in October 1957. 
At present, there are 90 sampling stations 
located on major waterways used for public 
water supply, propagation of fish and wildlife, 
recreational purposes, and for agricultural, in- 
dustrial, and other uses. Some of these stations 
are on interstate, coastal, and International 
Boundary waters, and waters on which activi- 
ties of the Federal Government may have an 
impact. Ultimately, a total of approximately 
300 stations will be in operation. Radioactivity 
is not yet being reported for a few of the more 
recently established stations. 

Samples of water are examined for chemical, 
physical, and biological quality insofar as these 
relate to pollution. Samples for some determi- 
nations are taken weekly, others monthly, and 
for some, continuous composite samples of 10 
to 15 days are obtained. 

Gross alpha and beta measurements are 
made on both suspended and dissolved solids 
in raw surface water samples. The levels of 


radioactivity associated with dissolved solids 
provide a rough measure of the levels which 
may be found in a treated water, where such 
water treatment removes substantially all of 
the suspended matter. Naturally-occurring 
radioactive substances in the environment are 
the source of essentially all of the alpha 
activity. The contamination of the environ- 
ment from man-made sources is the major con- 
tributor to the beta activity. It should be 
noted that with the cessation of weapons test- 
ing for a period of three years, the beta activity 
in most raw waters generally has approached 
a level attributable solely to natural sources. 
Natural beta activity can be two or three times 
the natural alpha activity based on the presence 
of the same nuclides. Some exceptions to this 
are seen, notably in the data for the Columbia, 
Tennessee and Animas Rivers. The resump- 
tion of nuclear weapons testing in the at- 
mosphere by the USSR is expected ulti- 
mately to again raise the level of radioactivity 
in surface waters, but no significant increase 
had been noted to October 1, 1961. 

For the first two years of the network opera- 
tions, beta determinations made on 
weekly samples. Alpha determinations were 
reported generally on composites of more than 
one weekly sample. 

Beginning January 1, 1960, the frequency of 
beta determinations varied depending on the 


were 











status of each particular station. For the first 
operating year of each new station, analyses 
were being conducted weekly. Weekly analyses 
were to be continued indefinitely from all sta- 
tions which may be affected by waste dis- 
charges from nuclear installations. Semi- 
monthly determination (on composites of 2 or 
3 weekly samples) were conducted for stations 
which still showed some beta activity above 
background. Monthly determinations (on com- 
posites of all samples received from a station 
during the month) were conducted on samples 
from streams where beta activity was at 
background levels. 

Beginning January 1, 1960, the frequency 
of alpha determinations also was changed. For 
the first operating year of each new station, 
analyses were to be done weekly. Weekly de- 
terminations, or semimonthly determinations 
on composites of 2 or 3 weekly samples, were 
conducted at some collecting points on the 
Animas and Colorado Rivers. The remainder 
of the stations had determinations made 
monthly on composites of all samples taken 
during that quarter. Schedules of determina- 


tions were so arranged that each station had 
one gross alpha determination each month. 

The following changes were instituted on 
September 1, 1961, following resumption of 
nuclear weapons testing: 


1. Gross beta counts will be made on ali 
samples collected. (Compositing weekly 
samples for monthly or semimonthly gross 
alpha and beta counting will cease). 

2. Beginning with samples collected October 
1, 1961, strontium-90 determinations will be 


made on a three months composite of weekly 
samples. 


Gross alpha counts will be made on one sample 
for each stations each month, unless there is 
evidence of alpha activity. In the later in- 
stance, an alpha determination will be made 
on a weekly or bi-weekly basis depending on 
what is considered the norm for a particular 
station. 

All data reported in table 1 represent the 
average of all information available for the 
month indicated. Reported strontium-90 data 
are the results of determinations on three- 
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TaBLe 1.—RADIOACTIVITY IN RAW SURFACE WATERS 


[Concentrations in pyc/liter] 





Quarter 
ending 
March 31, | May 1961 
1961 








Station 
Beta activity Alpha activity 


Strontium- 
90 


Suspended | Dissolved Total | Suspended Dissolved | Total 
| | | 





Allegheny River: Pittsburgh Pa.....-.. eee ee 
Animas River: Cedar Hill, N. Mex 
Apalachicola River: Chattahoochie, Fla 
Arkansas River: 
Coolidge, Kansas 
Ponca City, Okla 
Big Sioux River: Sioux Falls, 8. Dak 
Chattahoochie River: 
Atlanta, Ga 
Columbus, Ga 
Colorado River: 
Loma, Colo 
Page. Ariz 
Boulder City, Nev 
Parker Dam, Ariz.-Calif 
. SS eae [tdcwitidndesihobvadiinbiaademaniass 
Columbia River: 
Wenatchee, Wash 


Bonneville Dam, Oreg 
Clatskanie, Oreg 
McNary Dam, Oreg 
Delaware River: 
Martins Creek, Pa--- 
Philadelphia, Pa 
Great Lakes: 
RE ne a en ena ee a ee seaiaentid 


OO Ee, ee ee eee 
Illinois River: Peoria, Il 
Kanawha River: Winfield Dam W. Va 
Klamath River: Copco, Oreg- --- 
Little Miami River: Cincinnati, Ohio 
Mississippi River: 

Minneapolis, Minn 

E. St. Louis, Ill 

Cape Girardeau, Mo 

West Memphis, Ark 
Missouri River: 

Williston, N. Dak 

Yankton, 8. Dak 

Omaha, Nebr 

St. Joseph, Mo 

Kansas City, Ks 

RE ESSER eee ner Gabdtdeiaieennand 
Ohio River: 

East Liverpool, Ohio 

Huntington, W. Va 

Cincinnati, Ohio 

SR ote arene meres yer ninibinaed 
Potomac River: 

Hagerstown, Md 

Great Falls, Md. 
Red River, South: 

Ee  — =e 

Denison, Tex 
Rio Grande River: 

Alamosa, Colo 

El Paso, Tex...-- 


St. Lawrence River: Massena, N. Y 
Savannah River: Port Wentworth, Ga..................-... 
EE SE Ie a a a 
Susquehanna River: Conowingo, Md 
Tennessee River: 
Chattanooga 
Bridgeport, Ala.......-.- om 
Yakima River: Richland, Wash-. 
Yellowstone River: Sidney, Mont 





® Dash denotes no sample received or no determinations made. 











$V 


month composite samples for a period ending 
in the month shown. The data were determined 


on analytical schedules in effect till September 
1, 1961. 


Additional information and data may be ob- 
tained from the following sources: 


(1) National Water Quality Network Annual Com- 
pilation of Data, PHS Publication. For sale by the 
Superintendent of Documents, U. S. Government 
Printing Office, Washington 25, D. C. Price $1.50. 


(2) “Report on National Water Quality Control Net- 
work,” submitted by Dr. F. J. Weber, Chief, Division 
of Radiological Health, PHS, at the Joint Commit- 
tee on Atomic Energy Hearings on Fallout from 
Nuclear Weapons Tests, Vol. 1, May 1959, pages 
167-169. 


(3) Setter, L. R., Regnier, J. E., and Diephaus, A., 
“Radioactivity of Surface Waters in the United 
States,” J. AWWA 51, 1877 (1959). 


(4) Straub, C. P., Setter, L. R., Goldin, S., and Hall- 
bach, P. F., “Strontium-90 in Surface Waters,” J. 
AWWA 52, 756 (1960). 


(5) Setter, L. R., and Baker, S. L., “Radioactivity of 
Surface Waters in the United States,” Radiological 
Health Data, Vol. I, No. 7 (1960). 





Monitoring of Water Supplies 
Around the Nevada Test Site 


By contract with the Atomic Energy Com- 
mission, the Public Health Service has con- 
ducted an offsite monitoring program around 
the Nevada Test Site (NTS) since 1955. In- 


TaBLe 1.—DESCRIPTION OF WATER SAMPLING 
POINTS, NEVADA TEST SITE 





Location Source Population served 
Las V¢ vell ) to 1,250’ 10.000. 
pth plus Lake Mead 
pply 

Ga Re 400’ drilled well 20 

idian Sy 600’ drilled well AV 2h 

shrump 5’ driven wel 10-50 
Ash Meadow pring 2 le 8. 
Lathrop Wel wells \ Average 15, 
Beatty Spring 550. 
Lida Ju 125’ drill \ 2-10. 
Goldfiel Spring Average 200. 
To 2 drilled well 4 de} th Average 1,500. 
Wa Multiple springs 10. 

provement 
Dia Well State highway station. 
Lir 2 driver 3. 
Cali Spring Average 10-12. 
Crys Ss Free flow U. 
Alan > wells—HX Average 175. 
Pahi Lake Surface Not used for domestic 
urpost 

Butler Rancl Flowing l. 
Warm 8} Flowing i Public park with swim- 

Rancl fault. ming pool. 

wandalk Yrilled w 300. 
Ballist Ran Drilled v 10-15. 
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(Averoge concentrotions in ac/liter of time of meamurement) 





FIGURE 1—GROSS BETA MEASUREMENTS IN 
WATER SUPPLIES IN OFF-SITE AREAS OF THE 
NEVADA TEST SITE FOR MARCH - APRIL 1961 


cluded in the program have been measurements 
of radioactivity in water supplies. These data 
have been reported in the Atomic Energy Com- 
mission’s 13th, 14th, 18th, and 23rd Semian- 
nual Reports to Congress and by the Public 
Health Service in the 1957 congressional hear- 
ings, “The Nature of Radioactive Fallout and 
Its Effects on Man.” 

Figures 1 and 2 summarize gross beta 
measurements in water supplies located in the 
NTS offsite area for March-June 1961. 

The lower limit of detectability with the 


equipment used is about 10 micromicrocuries 
per liter. 


wrw SPRINGS 





(Average concentrations in yyc/)iter ot 





Hime 0! means ement) 


FIGURE 2—-GROSS BETA MEASUREMENTS IN 
WATER SUPPLIES IN OFF-SITE AREAS OF THE 
NEVADA TEST SITE FOR MAY - JUNE 1961 
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SECTION IV. — OTHER DATA 


External Gamma Activity 


Radiation Surveillance Network, Public Health Service 


Portable survey instruments are available above background. The differences among the 
at stations of the Radiation Surveillance Net- values shown in the following table are within 
work for recording levels of external gamma the variance anticipated due to differences in 
radiation. Measurements are made daily ap- normal background and in instrument response 
proximately three feet above the ground. These characteristics. These values are the results of 
readings are not precise but are sufficiently ac- measurements taken before the resumption of 
curate to illustrate any significant variations nuclear weapons testing. 


TaB.Le 1.—EXTERNAL GAMMA ACTIVITY—JUNE, JULY, AND AUGUST 1961 


[Average dose-rate in mr/hr] 





——___— 71 a -_ —— —— 


| iD | 
Station location June July August | Station location June tly August 





Anchorage, Alaska 0.01 | 0.01 t | Minneapolis, Minn. ...................... 
CS SE amen s i ©@ 8) 

Juneau, Alaska ‘ 0.01 | 0.01 
Pheonix, Ariz 0.02 | 0.02 


Jefferson City, Mo... 


Helena, Mont-. 
Little Rock, Ark “a 0.02 0.02 0: Trenton, N.J 


Berkeley, Calif es 0.01 0.01 .01 || Sante Fe, N. Mex..........-- 


] 
| 
BG 
| 


Los Angeles, Calif ‘ 1s ) AIRGRG, IN. F cccccncee 
Denver, Colo 0.02 = e || Gastonia, N.C 
SEER K 0.01 0.01 Oklahoma City, Okla 
District of Columbia 0.02 | 0.02 Ponca City, Okla..--..-- 
RET Seas 0.01 — | Portland, Oreg-..-- 

8) 0.02 | 0% Harrisburg, Pa-. 

0.03 | 0.02 .0: Providence, R.I-- Lemadbanedus 

0.01 | 0.01 ' bh: 4 Sh 

Springfield, Il 0.01 | 0.01 Pierre, S.D___-- 
Indianapolis, Ind 0.01 | 0.01 || Austin, Tex... 
Iowa City, lowa 0.01 0.02 .02 |} El Paso, Tex... 
ERE ITE 0.03 0.02 2 || Salt Lake City, Ut 
. i "aera 0.02 &) | Richmond, Va 
Baltimore, Md 0.02 0.02 2 || Seattle, Wash_- 
Lawrence, Mass 0.02 0.02 .02 |} Madison, Wis 
Lansing, Mich 0.02 ° | Cheyenne, Wyo 





* No data received. 
> Meter not in operation. 

















RADIOLOGICAL HEALTH CONSIDERATIONS AND FINDINGS RELATED 
TO THE USE OF MEDICAL AND DENTAL X-RADIATION 


The following articles are the fourth and 
fifth in a series of presentations intended to 
discuss or present information, philosophical 
considerations, or summaries of data concern- 
ing the radiological health aspects of medical 
and dental X-radiation. These discussions will 
be related primarily to the factors involved in 
the ultimate reduction of the somatic and gene- 
tic dose delivered to the general population. 

Previous discussions which were concerned 
with reflections on plans to control radiation 
exposure in the United States, realistic ap- 
praisals of leakage radiation from diagnostic 
type protective tube housings, and findings ob- 
tained from a radiological safety survey of 
dental X-ray units in Texas appeared in Radio- 


logical Health Data, Volume II, Numbers 8 and 
10. 

The first of the following two articles dis- 
cusses and presents findings related to the use 
and distribution of medical and dental X-radia- 
tion obtained from the New York City radia- 
tion control program. The material for this 
article was supplied by Hanson Blatz, Director, 
Office of Radiation Control, New York City 
Department of Health. 

The second article, an abstract of the 
“Second Report of the Committee on Radio- 
logical Hazards to Patients,” presents a survey 
of medical and dental uses of radiation in 
Great Britain and derives a genetic dose to the 
population based on data obtained for the last 
quarter of 1957. 


Preliminary Radiological Health Findings Concerned With The Use and 
Distribution of Medical and Dental X-Radiation in New York City’ 


New York City has required the registration 
of clinical X-ray equipment for over thirty 
years, but the radiological health program was 
not extensive. Large scale activities were 
initiated subsequent to the enactment of a new 
radiation code in 1958. As a direct result of 
organization, training of personnel and trial 
inspections, a full scale program went into 
effect during the early months of 1959. 

A considerable effort was expended to obtain 
nearly complete registration of all sources 
which now total almost 13,000 installations. In 
addition to several thousand radioactive 
sources, these installations house approxi- 
mately 17,000 X-ray units. 

The budget for the first year (1959-60), 
about $170,000 allowed for a staff of ten and 
the purchase of a considerable amount of new 





1 For a more detailed discussion of this radiation 
control program, see: 


Blatz, H., “A Comprehensive Radiation Control Pro- 
gram in New York City,” Radiology, 74, 3, pp. 474- 
479, March 1960. 


Baumgartner, L. Blatz, H., “Control of Common Radia- 
tion Hazards in New York City,” Public Health Re- 
ports, 76, 7, pp. 583-590, July 1961. 





equipment. The staff has been increased to 
thirty with an authorization for thirty-eight 
and a budget of about $240,000 for 1961-62. 
About one-third of the cost is borne by registra- 
tion fees. 


Major emphasis has been placed on assisting 
physicians and dentists to reduce to a minimum 
the radiation dose to patients from X-ray 
equipment. This source of radiation constitutes 
an estimated 96 percent of all manmade radia- 
tion to which the population is exposed. In our 
experience, it has been possible to reduce this 
condition significantly. 


Some pertinent statistics obtained from the 
first two and one-half years of X-ray inspec- 


tions conducted in New York City are pre- 
sented below. 


Registration of Sources 


Recognizing that an accurate knowledge of 
all sources of radiation is basic to any control 
program, a systematic approach was initiated 
for collecting data concerning their nature, 
location, and manner of use. Registration re- 
quires the completion of a carefully planned 
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TaBLE 1.—REGISTRATION STATISTICS 





Users of X-radiation 
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| 
Radiation 
installations 
registered! 


X-ray units in Medical Medical X-ray 


New York City? | diagnostic X-ray deep-therapy 
all types) 


installations installations 















— 2,672 17,12 





1 Diagnostic and therapeutic X-ray units and radiographic materials. 

2? The number of X-ray units and the number of installations are not in 
agreement because many installations have more than one unit. 

* Pending conclusion of the lawsuit by the Chiropractors Association 
against the State Health Commissioner to test the constitutionality of a 


questionnaire, as well as a $15.00 remittance. 
This fee covers registration for two years. 
Thereafter, payment of $10.00 is required bi- 
ennially. In order to keep registration up to 
date, the radiation code has been amended to 
require dealers and manufacturers to notify 
the Department of Health within 10 days 
after delivery or installation of radiation equip- 
ment. Experience indicates that such notifica- 
tions are being received regularly. Table 1 
summarizes the pertinent registration statis- 
tics as of March 15, 1961. As of this date, 
4,583 fluoroscopic, and 3,248 medical radio- 
graphic units in physicians’ offices have been 
registered with the New York City Department 
of Health. With 6,596 dental units and all 
others (hospitals and other offices) the total 
is about 17,000. 

Chiropractors, currently involved in litiga- 
tion regarding authority to use X-rays, are the 
only group not registered essentially 100 per- 
cent. The Office of Radiation Control estimates 
that there may be as many as 400 chiropractors 
using X-ray equipment. 

Even though the registration requirement 
was widely publicized through the press, radio, 
and professional and business groups, it took 
almost a year and a half to attain complete 
registration. Many hundreds of personal visits 
and telephone calls were made to those who had 
not responded to several notices informing 
them of the need to register. Apparently, the 
difficulty was in communication, for there was 
little resistance once contact was made. The 
medical societies requested each member who 
had not registered to do so; in fact, they, as 








regulation banning the use of x-rays by chiropractors, no effort was made to 
register X-ray equipment in the 1,075 chiropractors’ offices in New York 
City. The six listed registered voluntarily. 


4 Estimated. 


well as the dental societies, have generally ap- 
proved the radiation control program. 


Inspection Program—Major Deficiencies 


In preparation for the inspection program, 
the most serious deficiencies in X-ray equip- 
ment design, installation, and use were listed, 
and standards were formulated against which 
equipment or techniques could be evaluated. 
A standard operating procedure and a check- 
list were developed for inspecting each type 
of X-ray installation, including medical diag- 
nostic X-ray, medical therapeutic X-ray, mobile 
or portable X-ray, fluoroscopic X-ray, and 
dental X-ray installations. All the inspection 
criteria were reviewed and approved by the 
Mayor’s Technical Advisory Committee. 

An initial group of public health sanitarians, 
all with inspection experience, were taken to 
the showroom of one of the local X-ray dealers 
and to one of the largest city hospitals for in- 
tensive training in inspecting X-ray equipment. 
These sessions were supplemented by class- 
room lectures and demonstrations covering the 
principles of radiation protection. 

So that the most serious hazards can be cor- 
rected as soon as possible, each installation is 
given a preliminary inspection limited to basic 
faults, and secondary matters are relegated to 
followup inspections. 

The first inspection consists of a visual ex- 
amination against a standard checklist. No 
radiation detection instruments are used. A 
fluorescent screen is used to determine the area 
covered by an X-ray beam, a very important 














ES 





criterion of the integral dose. The screen is 
also used to determine any gross deficiency in 
shielding; for example, replacement of pro- 
tective lead glass by a piece of ordinary plate 
glass. A special gauge for measuring alumi- 
num filter thickness and a tape measure for 
several other measurements are the only equip- 
ment necessary. The checklist covers such 
items as the size of the X-ray beam used, for 
example, in chest radiography and in radio- 
graphy of extremities, filter thickness, the 
distance from fluoroscope tube to the panel, 
limits of fluoroscopic shutters, and relation of 
the X-ray control and radiographic exposure 
switch to operator’s shield. 

The X-ray equipment operator (technician 
or physician) is asked to demonstrate a few 
common techniques, mainly to determine what 
size X-ray beam is used. The inspector acts 
as the patient, except that no exposure is made. 
The following beam diameters are used as 
guides in determing when the beam is larger 
than clinically necessary: 


TABLE 2.—COLLIMATION CONSIDERATIONS 


Film size Film Beam 

(inches) diagonal diameter 

(inches) (inches) 

| 

8 by 10 - —— 12% 15 
10 by 12 ceniecitadinil 1514 171 
11 by 14 — 17% 20 
14 by 17 ‘ Se 22 24 





Experience has shown that when these or 
smaller diameters are used, corner cutoff will 
frequently appear on exposed films. Absence of 
such cutoff in all films generally indicates in- 
adequate collimation. 

In addition to marking the checklist, the in- 
spector sketches, on the back of the form, a 
scale drawing of the X-ray room and the loca- 
tion of the equipment and the controls. He 
also indicates the nature of the occupancy of 
all adjacent areas. For installations where 
structural shielding appears to be critical, but 
where there is no positive evidence that it is 
actually installed, the inspector notes this fact 
for a followup survey. Inability to measure 
readily both the fluoroscopic filter and distance 
from tube to panel, and any indication that 
lead glass or a protective tube housing is in- 
adequate, also call for special notation. 

If necessary, a second inspection is made of 





fluoroscopic equipment to measure the dose 
rate. This measurement is required only when 
the filter thickness and the tube-to-panel dis. 
tance cannot be measured, or when the voltage 
and current settings cannot be reasonably esti- 
mated. Actual measurements of a sample of 
the equipment on our list indicates that it is 
only when these factors cannot be determined 
that the fluoroscopic dose rate can differ by 
more than about 25 percent from the value 
given on standard X-ray output tables. 

In choosing which equipment to inspect first, 
certain priorities were obvious. Machines used 
most frequently (those in large hospitals, for 
example), machines used with heavy dosage, 
and machines built before modern safeguards 
and structural shielding were given first prior- 
ity. Equipment used in the examination of 
children and pregnant women were given sec- 
ond priority. 

This streamlining of the program, plus, of 
course, the geographic compactness of the area, 
has enabled each inspector to complete about 
five inspections a day. In the first one and a 
half years, more than 4,000 visits had been 
made by a staff of four or five inspectors. Spot 
reinspections indicate that these preliminary 
inspections have led to the elimination of many 
of the most serious deficiencies. Table 3 
presents a summary of major deficiencies 
found in medical and dental X-ray installations 


TaBLe 3.—INSPECTION STATISTICS 


Percent of 

Type and number of X-ray units and defects / units 

inspected in 
each type 





Medical fluoroscopic unit (1,687): 
Shutters did not adequately limit X-ray beam 59 
PRAGOGMRED GRINGION...w oc cncnccscccnccccces aesipsavapiadnaiatigiescit 19.4 
Protective aprons not available. .....................--.... 8.5 
Protective gloves not available d 


Dark adaptation goggles not available...................... 15.8 

Room darkening facilities inadequate..................-.-. 6.1 

Fe ae 32.0 
Medical radiographic unit (1,648): 

Excessive beam size (chest X-rays)-.................-..--..-- 66.0 

SS” A er ee 25.0 

Inadequate protection for operator...................--.--- 63.0 
Mobile medical radiographic unit (288): 

Inadequate filtration.........._-. OS es ee 31 

Inadequate protection for operator_..................-.-.-- 2.8 

Protective apron unavailable... .........-.. a AAA ee 16.0 


Medical therapy unit (127): 
Inadequate tube shield (obsolete type) 


4 f) 

Inadequate identification of filters. ....................-.-- 19.7 
EE OEE EE A ee a aE 14.2 
Inadequate protection for operator.-..-.....-...------------| 7.8 

| 

Dental radiographic unit (2,716): A 
SS EES ELE S Te a TE ES ee Oe 27.5 
Inadequate filtration....... AES ORR ERAT | 33.7 


Inadequate protection for operator 
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Os tei, i el i i 














in New York City. These data are the results 
of 6,466 X-ray units inspected through March 
1961. (As of August 1, 1961, 8,890 units have 
been inspected.) 

At first it was found that some surgical 
supply houses (as distinguished from the major 
X-ray manufacturers, who usually sell directly 
in the New York City area) were installing 
medical and dental X-ray equipment that did 
not meet the basic safety standards or they 
were not being properly installed. The New 
York City Health Code fixes responsibility for 
these matters with the seller. Prompt followup 
has served to inform suppliers of the standards 
they must meet and it has resulted in much 
improvement in recently installed equipment. 
For example, an X-ray table and control in- 
stalled side by side without a shield for the 
operator is rarely seen anymore. This ar- 
rangement was common in the past. The sup- 
pliers’ responsibility is believed to be a unique 
feature of the program. 


Structural Shielding 


A third inspection is made if the initial in- 
spection report indicates a need for a test of 
structural shielding, particularly when the 


Determination Of The Genetic Dose To 






Committee on Radiological Hazards to Patients 
Ministry of Health for England, and, 
Department of Health for Scotland 


In recent years the hazards of radiology have 
attracted special attention. More precise 
knowledge of them was needed to guide the 
physician who has to balance the benefits 
against the risks for any individual patient. 
Consequently, the Committee on Radiological 
Hazards to Patients was formed in 1956 to ex- 
amine the question and to make recommenda- 
tions. “‘The Committee therefore set itself the 





1 Permission for publishing this abstract has been 
obtained from the Controller of Her Britannic Maj- 
esty’s Stationery Office. The original report, “Radio- 
logical Hazards to Patients, Second Report of the 
Committee,” is available from the British Information 
Services, 45 Rockefeller Plaza, New York 20, New 
York, price $1.08. 
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shielding is intended to protect adjacent rooms 
not under control of the owner or operator of 
the equipment. This test is made by a team 
specially trained for the job. The recommen- 
dations of the National Committee on Radia- 
tion Protection and Measurements (NCRP) 
and those of the Federal Radiation Council are 
quite specific and conservative in limiting the 
dose to occupants of areas not controlled by 
the owner or operator of an installation. The 
very low limit of 0.5 rem per year has recently 
been established. 
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The Population Of Great Britain’ 








task of measuring in detail the present extent 
of medical and dental radiology over the whole 
of Great Britain, of assessing the levels of 
radiation dosage thus produced, and finally of 
recommending ways and means of reducing 
this dosage without detriment to the needs of 
the patient or the health of the population.” 

In this report, the study has been limited to 
the genetic dose. Estimation of the somatic 
dose (possible hazard to the individual during 
his life-time) is a more complicated procedure 
to which further study is being given. 

“If the mutational effect of radiation is 
proportional to the dose received by the germ 














cells and is irreversible, the importance of a 
given dose will depend on age. The potential 
effect of the dose on future generations will be 
greatest in a young person having a high ex- 
pectancy of future parenthood, less in an older 
person and nil at an age when child expectancy 
has ceased. A genetic dose to the individual 
is therefore defined as the dose to the gonads, 
adjusted to allow for the child expectancy of 
that individual. The genetic dose to the pop- 
ulation is then defined as the gonad dose which, 
if given to every member of that population, 
would have the same effect as the sum of the 
individual doses actually received.” 


General Diagnostic Radiology 


During a week in May 1957, a survey by 
questionnaire was made of the numbers and 
types of all X-ray examinations conducted, of 
the number of films used, and the apparatus 
available in all National Health Service hos- 
pitals and chest clinics, in dental surgeries and 
in a few other institutions in Great Britain. 

A separate physical dose survey during De- 
cember 1957 was made on a random selection of 
a quarter of the National Health Service hos- 
pitals and chest clinics. This collection of 
physical data was undertaken on a large scale 
by hospital physicists in all the hospital re- 
gions, some 5,414 examinations involving 13,- 
800 measurements being made in 130 hospitals 
selected to give a representative cross-section 
of radiological practice in hospitals and chest 
clinics. 

During the week of the first survey, the total 
number of radiological examinations (includ- 


ing fluoroscopy) carried out in all Nationa] 
Health Service hospitals and chest clinics was 
259,447. Using this value, the total number of 
examinations made in 1957 can be estimated 
as 13.0 million. 

The averages of the measured doses to the 
male, female and fetal gonads are given in table 
1 for the eight groups of examinations which 
together contribute more than 90 percent of 
the total genetic dose. 

Genetic doses calculated from the survey 
data are also given in table 1. Contributions 
to the total genetic dose are given for each of 
the eight examination groups of table 1 and 
for all other examinations grouped together. 
These contributions are given separately for 
the male, female and fetus and totaled in the 
last column. It is evident that 5 examinations 
(obstetric abdomen, pyelography, pelvimetry, 
pelvis, and hip) together provide over 80 per- 
cent of the total genetic dose. 

“The annual genetic dose from general diag- 
nostic radiology in National Health Service 
Hospitals amounts to 13.2 milliroentgens (mr) 
to which a small increment, estimated at 0.9 
mr, has been added to take into account general 
diagnostic radiology performed outside the 
National Health Service. The total annual 
genetic dose of 14.1 mr per person from gen- 
eral diagnostic radiology is therefore less than 
the earlier estimate of 22 mr per head per year 
shown by the Medical Research Council’s re- 
port of 1956.” 

Two important conclusions can be drawn 
from the physical dose survey. First, the 
gonadal dose in diagnostic radiology is not 
necessarily reduced by making the beam of 


TaBLe 1.—GENERAL DIAGNOSTIC RADIOLOGY, 1957 


[Doses in milliroentgens] 








Type of examination 


Chest, heart, lung 

Barium meal_-. 
Abdomen... Renda aud 
Abdomen, obstetric... ' 
Intravenous pyelography 


Hip, upper femur. na Cinta he 
All other examinations_-___.-_- 





Annual genetic dose per person to the 
entire population of Great Britain 
Mean gonadal dose — 
per examination 


Fractional contribution from 


Male Female Fetus Male Female Fetus Total 





0 





—. 5 6 0.14 29 0.05 ). 48 
sieeaal 44 333 448 0.11 0.36 0.04 0.51 
aman 105 183 | 281 0.22 32 0.06 0. 
Rs eee 367 723 a 1.12 2.27 3.39 
sunset | 765 585 843 0.96 0.69 0.09 1.74 
pane: Fees 745 885 |... : 0 0.60 1.1 
ne 370 392 536 1.72 1.17 0.22 3.11 
pavdied 740 102 154 1.33 0.14 0.01 1.48 
SS See. ee ee: RE ees 0.35 0.39 0.04 0.78 
a, rare, Se Se, a 4.83 03 3.38 13.24 
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X-rays more penetrating, an optimum is 
reached at about 70 kvp with 1 mm of alum- 
inum filtration. Second, a few hospitals with 
faulty techniques can contribute a proportion- 
ately large fraction of the total genetic dose. 
“If all techniques were raised to the standard 
shown by the 25 percent of hospitals showing 
the lowest doses, the annual genetic dose would 
be lowered to somewhere in the region of 2 mr 
per person.” 


Mass Miniature Radiography of the Chest 


An assessment of the gonadal dose from 
mass miniature radiography of the chest was 
made by means of a survey in which more than 
600 measurements were carried out on four 
different types of mass radiography equipment 
representative of those used throughout the 
country. 

Statistics for 1958 show that 4,278,108 mass 
miniature radiography examinations were 
made in Great Britain and led to the discovery 
of 17,569 cases of pulmonary tuberculosis re- 
quiring supervision, 3,503 cases of lung cancer, 
10,161 cardiac abnormalities, and 3,741 cases 
of pneumoconiosis. “It is clear that any pos- 
sible hazard has to be balanced against these 
findings.” 

“The mean gonad dose per examination 
given by the present measurements is 0.090 
mr for males and 0.092 for females. The aver- 
age fetal gonad dose is assumed to be the same 
as that for the ovary. The genetic dose per 
person is then 0.01 mr per year. The contribu- 
tion from mass miniature radiography to the 
genetic dose from diagnostic radiology as a 
whole is, therefore, extremely small.” 


Dental Radiography 


“The first statistical inquiry into the fre- 
quency of diagnostic radiology included all hos- 
pitals and dental surgeons in the country. The 
replies received from the hospitals indicated 
that only a small fraction of them (13 percent) 
undertook dental radiology.” Of the 16,000 
questionnaires sent to dental surgeons, only 43 
percent were returned. “There is no means of 
telling whether the figures given by this pro- 
portion is representative of the total. It might 
well be that dental surgeons not using X-rays 
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at all tended not to reply and that the sample is 
thereby appreciably biased. Data on technique, 
however, might be less liable to bias and from 
the returns received an average of two films 
per dental examination was calculated.” This 
figure can be combined with information on 
the annual dental film consumption to give an 
estimate that approximately 2 million dental 
X-ray examinations were made during 1957 in 
Great Britain. 


It was found impracticable to include dental 
work in the general survey of diagnostic radi- 
ology carried out by the physicists so a method 
of using a piece of very sensitive photographic 
film enclosed between fluorescent intensifying 
screens in a specially designed cassette was de- 
vised. The cassette was fixed to one side of a 
plastic foam prism which could be firmly 
strapped across the seat of a dental chair so 
that the film was at an angle of 45° to the seat 
and facing the body of a patient sitting in the 
chair. On the average, 70 exposures were re- 
corded in the measurements made in each of 12 
National Health Service hospitals, 12 dental 
departments serving the armed forces, and 130 
private dental surgeries. 

“The mean gonad dose per examination de- 
rived from these measurements is 0.27 mr for 
each sex and the annual genetic dose per per- 
son calculated on the basis of 2 million exam- 
inations per year is 0.01 mr.” 


External Radiotherapy of Non-malignant 
Disease 


All hospitals in England, Wales and Scotland 
were requested to complete questionnaires 
showing the number of patients treated for 
non-malignant conditions by X-rays during the 
three-month period April 29 to July 29, 1957. 
Data from 13,950 cases in hospitals and 1,015 
cases in private practice were reported. The 
total of 60,000 patients treated per year may 
be a little below the grand total as it was esti- 
mated that this represented 90 percent of the 
total number of treatments carried out in hos- 
pitals and about one-third of those in private 
practice. 

To determine the gonadal dose for the vari- 
ous types of treatment, a representative sample 
consisting of detailed information for 2,262 








treatments of non-malignant disease was col- 
lected and classified into categories as shown 


in table 2. “Measurements were made on a 
model to obtain the male and female gonad 
doses for various sizes and qualities of X-ray 
beam directed to 16 regions of the body from 
the head to the foot ... The annual genetic 
dose per person is given for the male, female 
and foetus in table 2 from which it is evident 
that the male dose is nearly twice the female 
dose and that the foetal dose is very small... 
In total, the annual genetic dose from non- 
malignant radiotherapy is 4.5 mr per person, 
of which the treatment of skin conditions con- 
tributes about one-half and radiotherapy of 
ankylosing spondylitis about one quarter.” 


External Radiotherapy of Malignant Disease 


The questionnaire sent to all radiotherapy 
departments in April, 1957, provided informa- 
tion from 14,620 patients undergoing external 
radiotherapy for malignant disease. 

Treatments were assumed to be carried out 


by standard methods with X-rays generated 
at 220 kv. In cancer of the breast, bladder, 
and mouth an additional allowance was made 
for those cases in which radium was used. The 
gonadal doses were measured on the mode! for 
a treatment regarded as typical for each dis- 
ease. The normal fertility factors were modi- 
fied to allow for the reduced expectation of life 
of persons suffering from different forms of 
malignant disease and a rough allowance has 
been made for the loss of fertility caused by 
the treatment. 

The genetic doses from those types of treat- 
ment which make significant contributions are 
listed in table 2. The annual genetic dose per 
person from the radiotherapy of malignant dis- 
ease amounts to 0.5 mr. “It is small relative 
to other radiation doses we have considered, 
and the unavoidable uncertainties in its esti- 
mation do not lead, therefore, to serious error 
in the total genetic dose from medical radiology 
. . . In particular, calculations show that the 
substitution of higher energy radiation in the 
range 1 to 10 Mev would not materially alter 
the result.” 


TaBLE 2.—EXTERNAL RADIOTHERAPY OF NON-MALIGNANT AND MALIGNANT DISEASE, 1957 





Diagnosis or site of disease 


Non-malignant 
Skin condition: 
Benign growths, et« 
Allergic, ete 
Ringworm 
Others son 
Glandular enlargements 
Ankylosing spondylitis 
Arthritis, rheumatism 
Artificial menopause 
Deafness 
Any other non-malignant condition 


Total 


Malignant 
Male genitalia 
Bladder. 
Bone 
Connective tissus 
Lymphatic and hemopoietic tissue 


Skin : sharia Maines siesta tte inate tl 


Annual genetic dose in milliroentgens per persor 








Male | Female Fetus Total Percentagt 
0.02 0.07 <0.005 0.09 9 
0.34 0.59 0.03 0.96 21 
<0.005 0.01 <0.005 0.01 
1.19 0.27 —_ : 1.46 3 
<0.005 <0.005 <0.005 <).005 
1.07 0.08 <0.005 1.15 
0.04 0.18 0.05 0.27 
<0.005 . <0.005 : <0 O05 <0.005 
0.04 0.49 <0.005 0.53 12 
2.70 1.69 0.08 4.47 1K 
stained tieeiniestailtsateni elvan i tidint tated ied teddies settee theta 0.22 . 0.22 $ 
Se en eae See 0.04 “0. O01 0.04 x 
0.03 0.04 0.07 
mnpeetimmanenbeenemes 0.02 <0. 005 0.02 { 
0.03 0.02 ).05 ] 
0.0. 0.04 0.09 17 
See 0.02 0.01 0.03 
putt aleninitidaplegmteadtabalaantedis pine dateieed 0.41 0.11 0.52 





Internal Administration of Radioactive 
Isotope Ss 


In recent years radioactive isotopes have 
been increasingly used in diagnosis and in the 
treatment of non-malignant and malignant dis- 
ease. “From the information available on the 
radioactive isotopes in clinical use, the gonad 
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dose from each had been estimated for an 
amount of one millicurie administered.” These 
doses have been combined with the results of 
the three month survey which gave the num- 
bers of patients treated and the amounts ad- 
ministered, and with the approximate fertility 
factors giving an estimate of the genetic dose. 








R 




















“As in the case of the external radiotherapy of 
malignant disease, modification of the normal 
fertility factors have been made in the calcula- 
tions for some of the types of treatment.” 
Table 3 shows those radioisotopes and types of 
examination and treatment of 7,442 patients 
which lead to a significant genetic dose. “In 
calculating these figures it may be noted that 
a range of values of the gonad dose per milli- 
curie administered has been reported . . . The 
higher figures have been taken so that our esti- 
mate is likely to a be a maximum ... In total, 
the annual genetic dose per person from all the 
present uses of radioisotopes in medicine 
amounts to 0.18 mr per person of which 85 per- 
cent arises from therapy.” 

“The only internally administered radioac- 
tive isotopes which give rise to any appreciable 
gonad dose are iodine-131 and phosphorus-32 
and this occurs during treatment of thyro- 
toxicosis, polycythaemia, and thyroid cancer in 
roughly equal proportions.” 


TaBLe 3.—INTERNAL ADMINISTRATION OF 
RADIOACTIVE ISOTOPES, 1957 


[Annual genetic dose in milliroentgens per person] 





Use Isotope Dose | Percent- 
age 





Diagnosis: test doses | : 
iy | eee _....| Iodine-131 ; 0.011 6 











Carcinoma of thyroid_.............--- Iodine-131 | 0.005 | 3 
eg eee Phosphorus-32| 0.012 6 
Therapy: 
Non-malignant conditions: 
Thyrotoxicosis and other non- 
malignant conditions of thyroid.| Iodine-131 |} 0.049 | 27 
cit tpnicnaddcnedanda ...| Phosphorus-32| 0.059 | 33 
Malignant diseases: | 
Carcinoma of thyroid...........---- | Iodine-131 | 0.045 25 
| ae me EDEL eee 0.181 | 100 








Recommendations 


The present practice of radiology in different 
specialties together with the results of the sur- 
veys was studied by nine clinical panels. The 
following are the major recommendations, 
quoted directly, on methods to reduce the dose 
to the gonads in diagnostic and therapeutic 
radiological practice without detriment to the 
value of these procedures: 


I. GENERAL 


A. There should be clear-cut clinical indica- 
tions before any X-ray examination is un- 





dertaken, and it should be ascertained 
whether there has been any previous radi- 
ological examination which would make 
further examination unnecessary. For 
this purpose the case sheet should have a 
section labelled “previous X-rays.” 

B. To reduce unnecessary examinations, ar- 
rangements should be made for the ready 
availability of previous films and for the 
routine transfer of films from one hospital 
to another. 


C. All requests for examinations should state 
precisely the clinical indications and the 
information required. 


D. There should be consultation between 
clinician and radiologist before extensive 
or repeated radiological examinations of 
young individuals are undertaken. It 
must be realised that radiological exposure 
is just as much the responsibility of the 
clinician as of the radiologist. 

E. To reduce the necessity for repeat inves- 
tigation strict attention should be paid to 
adequate preparation of the patient before 
abdominal investigation. 

F. Special precautions should be adopted in 
the radiography of pregnant women. Only 
essential examinations should be carried 
out during pregnancy and particular care 
should be taken to avoid irradiation of the 
foetus whenever possible. In all women 
of child-bearing age the clinician request- 
ing the examination should never overlook 
the possibility of early pregnancy. 

G. Any previous history of radiotherapy 
should be ascertained before a new course 
of treatment is undertaken. Permanent 
records of all radiotherapy should be main- 
tained and be readily available for trans- 
fer from one hospital to another. 


H. Consideration should always be given to 
alternative methods of treatment before 
radiotherapy for non-malignant conditions 
is undertaken. 


II. TECHNIQUES 

In every radiological examination, care 
should be taken to reduce to a minimum the 
irradiation of the gonads. The steps necessary 
to this end are discussed throughout the Re- 
port. In particular, strict attention should be 

















paid to the following :— 


A. General to all forms of radiology 


1. Limitation of field size 


Strict limitation of field size to the area 
necessary for the particular examina- 
tion or treatment should be routinely 
practised. In diagnostic radiology, this 
should be done by fitting light beam 
diaphragms rather than circular cones, 
particularly when a large field size is 
used. 


bo 


. Beam direction 


Whenever possible, the beam should not 
be directed towards the gonads and this 
should be borne in mind particularly in 
examinations or treatments of the limbs, 
especially of the hands with the patient 
in the sitting position. 

3. Gonad shields 


Adequate gonad shields should invari- 
ably be used in examinations or trea- 
ments which are likely to give a high 
gonad dose, unless they interfere with 
the proposed examination or treatment. 


4. Immobilizing devices 
In the examination or treatment of chil- 
dren or patients who need support, 
mechanical devices to ensure immobil- 
ization should be used. 


B. Particular to radiography 


1. High speed films and screens 


The use of the fastest films and screens 
consistent with satisfactory diagnostic 
value is strongly recommended. 


2. Automatic timing devices 


Repeat exposures should be kept to a 
minimum by the use of photoelectric 
timers or similar devices. Where these 
are not practicable, accurately pre-set 
timing devices should be readily avail- 
able. 


C. Particular to fluoroscopy 


1. Limitation of use 


Fluoroscopy should not be undertaken 
if the same information can be obtained 
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by radiography. It should not be used 
for locating metallic foreign bodies at 
operations as electronic metal-locating 
equipment is now available. 


2. Dark adaptation 


No fluoroscopic examination should be 
undertaken without adequate dark adap- 
tation on the part of the clinician under- 
taking the examination (at least 10 
minutes). 


3. Automatic switches 


All fluoroscopy machines should be fitted 
with a clock, or other timing device, 
which automactially cuts off the beam 
after a certain time or a certain dose. 


4. Image intensification 


More general use should be made of 
image intensification in such examina- 
tions as cardiac catheterisation. There 
is urgent need for more research into 
the problems of image intensification for 
medical purposes. 


D. Particular to mass miniature radiography 


In accordance with the recommendations 
of our Interim Report, chest examinations 
of pregnant women should not be carried 
out with mass miniature techniques, but 
by full size films with strict limitation of 
field size. For the chest radiography of 
children and adults of short stature either 
technique may be used, so long as adequate 
steps can be taken to exclude the gonads 
from the X-ray beam; otherwise large films 
should be used. 


E. Particular to radiotherapy 


1. In the treatment of skin conditions, use 
should always be made of the softest 
quality of radiation consistent with 
adequate irradiation of the tissues to 
be treated. 

2. Radiation should not be applied to the 
ovaries for the production of a tem- 
porary artificial menopause, or for the 
treatment of infertility. 


III. EQUIPMENT 


A. Checks should be made regularly to en- 


sure that all radiological equipment is 
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maintained to the standard laid down in 
the Code of Pratice for the Protection of 
Persons Exposed to Ionizing Radiations. 
Obsolete and erratic equipment should be 
replaced immediately. 


B. The development of automatic devices, 
and particularly those which reduce the 
risks of human error, should be actively 
encouraged. 


IV. STAFF AND TRAINING 


A. Attention should be given to the provision 
at all times of adequate medical and tech- 
nical staff in radiological departments. 


B. In sparsely populated areas where radi- 
ologists or radiographers are not available, 
training in the safe use of equipment 
should be given to the general practition- 
ers or nurses who have to carry out any 
minor X-ray examinations. 


C. Adequate instruction should be given in 
the medical and dental undergraduate cur- 
ricula on the uses and hazards of ionizing 
radiations. 


V. SURVEILLANCE 


The genetic dose to the population from diag- 
nostic and therapeutic radiology should be 
kept under effective review by the Health 
Departments. 


Summation of the Results of the Radiological 
Surveys 


The results of the radiological surveys made 
by the Committee are collected together in 
table 4 where the annual genetic doses are 
given in milliroentgens per head of population. 
The accuracy is indicated by an estimated 
error in the same units. “The annual genetic 
dose from general diagnostic radiology (14.1 
mr) is less than was estimated in the Medical 
Research Council’s report of 1956, but still con- 
tributes the major fraction of the total genetic 
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TaBLeE 4.—SUMMATION OF GENETIC DOSES FROM 
ALL MEDICAL USES OF IONIZING RADIATION, 1957 


[Annual genetic doses in milliroentgens per person] 








Estimated 


Medical use error 





General diagnostic radiology...............-..---.-- 
Mass miniature radiography..................-.- . 
Dental radiography 
Radiotherapy: 
External 
Non-malignant disease................-..... ae 4.47 
Malignant disease 
Internal 
Nom-maalionent disease.........-cccceseseccess- 
EE ieicnitdccuiahetdedsuwen ional 


1.00 
0.01 
0.01 


1.20 
66000ebeeseeeeeneeneseeanewen 0.25 
0.13 
0.05 


1.6 





Total annual genetic dose 





dose from the medical use of ionizing radia- 
tions. The genetic dose from the uses of radio- 
therapy, excluding radioactive isotopes, in non- 
malignant conditions (4.5 mr) stands next in 
order of magnitude, followed by the contribu- 
tion from the radiotherapy of malignant dis- 
ease, excluding radioactive isotopes (0.5 mr). 
The use of radioactive isotopes (0.18 mr), mass 
miniature radiography (0.01 mr), and dental 
radiography (0.01 mr) make almost negligible 
contributions on the total genetic dose. The 
final total, which is now estimated to be 19.3 
mr. per person per year, is smaller than that 
attributed to diagnostic radiology alone in the 
Medical Research Council’s report (22 mr). 
This national survey of radiological practice 
therefore shows the genetic dose in this 
country to be of the same order of magnitude 
as that previously deduced and not several 
times greater as was at one time thought to be 
possible.” 

“We do not believe that the levels indicated 
show any need for major restrictions in ra- 
diological practice, and we are convinced that 
the number and type of examinations or treat- 
ments must be dictated by the clinical needs of 
the patients. A dose to the gonads from any 
X-ray examination is small in comparison to 
that considered by the Medical Research Coun- 
cil to be acceptable to the individual without 
causing any undue concern on behalf of him- 
self or his offspring.” 
























ENVIRONMENTAL LEVELS OF RADIOACTIVITY AT ATOMIC ENERGY 
COMMISSION INSTALLATIONS 


The U. S. Atomic Energy Commission sub- 
mits to the Public Health Service quarterly re- 
ports on the environmental levels of radio- 
activity in the vicinity of major Commission 
installations. The reports include data from 
routine monitoring programs where operations 
are of such a nature that plant perimeter sur- 
veys are required. 

Summaries of the environmental radioactiv- 
ity data for 17 AEC installations have appeared 
in Radiological Health Data, Volume I, Num- 
bers 8 and 9; and Volume II, Numbers 1 
through 10. Summaries follow for Rocky Flats 
Plant and Feed Materials Production Facility, 
third and fourth quarters of 1960 and first and 


second quarters of 1961. Also included are 
data from monitoring activities around the 
Nevada Test Site, taken in conjunction with 
the resumption of underground weapons test- 
ing by the Atomic Energy Commission. 

The measured concentrations of radioactive 
substances in air and water may be compared 
with the Maximum Permissible Concentration 
(MPC) of that substance as recommended by 
the National Committee on Radiation Protec- 
tion and Measurements (NCRP). For the gen- 
eral population, the applicable MPC’s are one- 
tenth of the occupational values for continuous 
exposure as given in National Bureau of Stand- 
ards Handbook Number 69. 





Feed Materials Production Facilities 


Malinckrodt Chemical Works, Uranium Division 
Weldon Spring, Missouri 


Environmental levels of radioactivity at the 
Feed Materials Production Facilities (F MPF), 
Weldon Spring, Missouri, (formerly called the 
Weldon Spring Plant) for 1959 and first quar- 
ter of 1960 were reported in Radiological 
Health Data, Volume 1, Number 8. The fol- 
lowing report presents a summary of the data 
for the third and fourth quarters of 1960 and 
the first and second quarters of 1961. A sum- 
marizing review of comparative data for the 
period from 1959 through the second quarter 
1961 is presented in table 3. 

Because the primary feed material for the 
FMPF is natural uranium ore concentrates, 
off-site environmental releases from the opera- 
tions are measured in terms of uranium con- 
tent. The units of conentration are in terms 
of the “curie of recently extracted uranium” 
as defined in NBS Handbook 69, page 14. 

Besides the plant site, FMPF also maintains 
two storage sites located adjacent to the Lam- 
bert-St. Louis Municipal Airport and at a 
quarry near the Missouri River, as shown in 
figure 1. 


a 


Air Monitoring 


Monthly air samples are collected on-site 
along the plant perimeter and on building roofs 
by six high volume sampling pumps. During 
the first and second quarters of 1961, monthly 
samples were also collected by three windmill 
sampling pumps located south-southwest, west, 
and north-northwest of the plant. Semiannual 
air samples are collected at four points on the 
perimeter of the airport storage site, and 
monthly air samples were begun during the 
first quarter of 1961 at the south edge of the 
quarry. The data obtained from the air mon- 
itoring program for the three sites are tabu- 
lated in table 1. 


Water Monitoring 


Process chemical wastes and other process 
residues are permanently retained in storage 
facilities located at the site. The plant process 
sewer, which carries the remaining water efflu- 
ent from the operations into the Missouri 
River, is automatically sampled daily to permit 
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FigurE 1—LOCATION OF FEED MATERIALS PRODUCTION FACILITIES, WELDON SPRING, MISSOURI 


TaBLeE 1.—URANIUM CONCENTRATIONS IN AIR 


[Average uranium concentrations in uuc/m*} 











On-site sample location Third quarter 1960 | Fourth quarter 1960] First quarter 1961 | Second quarter"1961 








| 


| + . + . * . * . 
| | | Number | Uranium) Number |Uranium | Number | Uranium! Number | Uranium 





Site Position Direction from plant of | concen- of concen- of concen- of concen- 
| samples | tration samples tration samples tration samples tration 
ead = aodieae 7 ae ee: Se ee, oS es - ; ™ 
| 
oe BU ra eer 4 0.027 2 0.196 2 0.24 3 0.011 
ETE AREA AE eae 4 0.090 2 0.127 3 0.54 ; 0.083 
ye eran 4 0.020 2 0.155 2 0.67 3 ). 130 
: ere ee See 4 0.029 2 0.009 3 0.57 3 0.012 
Plant Open area_........--- OO Ea ; 4 0.057 2 0.006 2 0.4 0.070 
EE Cae ‘ 4 | 0.437 2 0. 260 3 2.22 3 0.107 
Not reported........-- | South-southwest-.--_....-- = : 0 0 l 0.23 ; 0.030 
Not reported___.....-- SRR ee aereeree 0 0 | 2 0.18 3 0.114 
| Not reported_..........| North-northwest-_-.........- 0 0 | l 0.28 3 0.069 
Average.......-- FE eee Same : 0.110 0.124 0.700 | 0.064 
Quarry Edge of quarry._..._-- (SS Sett Soe neers P 0 0 1 0.1 3 0.034 
Airport | 4 locations.............| 3 Nerth, 1 Gouth................. 0 6 0.019 0 





continual measurement of any release of ura- the quarry storage site area. Water samples 
nium-bearing materials into the river. were collected from the environment of the air- 

Monthly off-site water samples are collected port storage site during the fourth quarter 
from lakes and streams located within the 1960. The data obtained from the FMPF 
plant’s watershed, upstream and downstream water monitoring program are presented in 
points on the Missouri River, and streams in table 2. 
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TaBLE 2.—URANIUM CONCENTRATIONS IN WATER 


[Average concentrations in uyc/liter]) 





| Third quarter 1960 | Fourth quarter 1960| First quarter 1961 | Second quarter 196] 




















Sampling locations | Number | Uranium| Number | Uranium| Number | Uranium; Number | Uranium 
of | concen- | of } concen- | of concen- | of | concen- 
| samples | tration | samples | tration | samples | tration | samples | tration 
| | | | | 
| | 

Process sewer, plant site..................... fake le ie osha hace tate ca 63 | 860 38 1,150 | 48 350 | 60 | 210 
Missouri River sampling points: 
SPR, MED cccntcnencdeussans inicteieiedabehasiminn ied ceicdeshamidalicehdiah 3 i) 3 9 | 3 6 3 | 2 
NT ee 3 2 3 4 | 3 | 4 3 | 5 
Process sewer outfall A ee toe ne an Se 3 | 360 3 710 | 3 | 620 | 3 | 160 
U. 8. Highway 40-61, north side ba ininieiuitiedaetsataniateind sabe 3 | s 3 3 | 3 4 | 3 2 
U. S. Highway 40-61, south side vioneuinnne : _— hepa 3 | 2 3 2 | 3 | 3 3 | 2 
St. Louis City water plant intake- --. 3 2 3 2 | 3 | 2 3 | 2 
St. Charles City water plant intake................... 3 2 3 2 | 3 2 3 | 2 
Plant off-site sampling points: 
TEA da APES ee ats 3 1 3 | 1 | 3 | 3 | 3 | 2 
Lake, north of plant PEER sr a SE TEEN 3 2 3 | 3 | 3 4 3 | 2 
Lake, west of plant RE EE Le nen eae Ee EIT 3 2 3 1 | 3 1 3 2 
Dardene Creek, upstream ie ER KES EE KO 3 5 3 1 | 3 4 3 2 
Dardene Creek, Cottlevill : aan aI EERE 3 | 8 3 6 3 5 3 3 
Dardene Creek, St. Peters ii eimeheniichda ; ‘nenchcthdistilnainditiydnsiaiiiceli 3 5 3 4) 3 6 3 4 
Dardene Creek, Kampville ; . oe alas io 3 12 3 2 3 | 6 3 2 
Schote Creek, upstream.-._..- sitet ietdicbits edtinictadiiiibaieihniniimintaciiia 3 i) 3 3 | 3 2 | 3 2 
Schote Creek, downstream 3 15 3 13 | 3 28 3 21 
Plant surface drainage, west ‘ on PSE EN 3 61 3 96 3 | 580 3 | 190 
Plant surface drainage, north ae: aa at 3 330 3 420 | 3 | 700 3 | 150 
Quarry off-site sampling points: | 
Little Femme Osage (LFO), 4 mile upstream eines 0 l ] 3 6 3 2 
Branch, LFO, \ mile upstream ‘ hen ina 0 1 l 3 | l 3 l 
LF O, at quarry discharge culvert . wa . ones ‘ 0 1 2 3 4 3 | 3 
LFO, 4% mile downstream cia aia 0 1 l 3 2 3 | 7 
LFO, 144 mile downstream —_ 0 1 l 3 . 3 4 
Airport off-site sampling point 
Cold Water Creek, adjacent to site aE a ee 0 3 46 0 0 | 
Drainage ditch, north of site iene 0 1 80 0 0 








Tas_e 3.—REVIEW OF URANIUM CONCENTRATIONS IN THE ENVIRONMENT OF FMPF, WEI 
MISSOURI, 1959-JUNE 1961 


[Average concentrations in percent of appropriate MPC’s}! 














| 1960 1961 
of possible impling type and location Calendar| Calendar| ‘eerie 5 at YBN 
nation year 1959 | year 1960; First | Second Third Fourth First | Second 
| quarter | quarter quarter quarter | quarter | quarter 

l I t Air plant perimeter ou duiuumea videtiiiiiaraainie 6.0 9.6 22.0 | 4.9 5.5 6.2 35.0 | 3.2 
Water, process sewer — rs i salina | o 4.2 2.4 | 3.3 } 4.3 6.7 | 1.8 | 1.0 
Water, Missouri River downstream...............- | 0.21 0.22 0.10 0.35 | 0.31 0.21 | 0.33 0.16 
Water, streams and ditches... .....- SEA 0.25 0.33 0.36 | 0.38 0.27 0.30 0.84 0.24 
Water, lake nas 7S es mens 0.12 0.11 0.21 0.21 0.01 0.01 0.01 0.01 

Quar! torage sits Air, south edge : ip aamitniebid ome RE, AE CS ee ee. SORA eee & 1.7 
RT ES Vee Ff | SS AS Yee 0.02 0.02 0.02 

A ( \ é t r 21 0.78 0.60 0.95 
W trea nd ditches 1.4 0.1 0.19 G88 tancaa 

I nmental MPC’s for uranium as given in NBS Handbook 69, page 86, are 2 uuc/m* for air and 20 uyc/liter for water. 
rer M. . » 

Rocky Flats Plant 

Dow Chemical Company 

Denver, Colorado 

Issued September 1961 
Introduction mental levels of radioactivity for the third and 


The Rocky Flats Plant is engaged in pluto- 


nium fuel element fabrication under contract to quarters of 1961. 


fourth quarters of 1960 and first and second 


the Atomic Energy Commission. The follow- To assure proper control of the release of 
environment, 


ing report presents data showing the environ- radioactive materials to the 
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FicgurE 2.—LOCATION OF THE ROCKY FLATS 
PLANT ENVIRONMENT, DENVER, COLORADO 





water, air, and vegetation are sampled period- 
ically and analyzed for gross alpha activity. 
The levels encountered have been low enough 
to make specific identification of the nuclides 
unnecessary. On occasion, when analysis was 
made, most of the activity was shown to be 
uranium. 


Airborne Particulates 


Airborne particulates are collected on filters 
for 24 hour sampling periods. Before analysis, 
the samples are stored until virtually all the 
short-lived daughter products of radon-220 and 
radon-222 have decayed. During third and 
fourth quarters 1960, all samples were collected 
at a location about three miles west of the plant 
site. During the second quarter 1961, 146 
samples were collected at nine different loca- 
tions as shown in figure 2. Monthly averages 
of both alpha and beta activities are presented 
in table 4. 
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TaB_e 4.—LONG-LIVED RADIOACTIVITY IN AIR 


[Average concentrations in uzuc/m!) 





Period Gross alpha Gross beta 








Third quarter, 1960: 


SORT <cocens pie 7 — , <0. 005 <0.047 

August___-. “ , mA <0.001 <0. 165 

September ‘ — : ; <0.012 <0.192 
Fourth quarter, 1960: 

October_... Pe ar <0.012 <0.325 

November......-- peice —— <0.011 <0.310 

December e ie nae <0.011 <0.310 
First quarter, 1961: 

January. — ‘ ‘ <0.01 < 128 

February - - ae <0.013 ‘ 142 

March... , =“ an Jaiai <{ ‘ 102 
Second quarter, 1961: 

April 7 — — OY ). O89 

May... A % <{ 0.10 


June. sma ‘ , <0.11 






Raw Surface Water 





Spot water samples were taken from various 
streams and lakes within a radius of about 15 
miles of the plant. During the first and second 
quarters, sampling was limited to important 
water supplies. Sampling locations are shown 
in figure 2. There is no evidence that the alpha 
activity observed is greater than that occurring 
naturally in the area. The resulting data are 
presented in table 5. 


UNIDENTIFIED ALPHA ACTIVITY IN 
RAW SURFACE WATERS 


TABLE 5 


Third quarter, 1960 st i <1.1 
Fourth quarter, 1960 ; ‘ f . <1.0 
First quarter, 1961 one i 22 <1.5 
Second quarter, 1961 ‘ 4 2 <1.1 


Vegetation 


During the growing season of 1960, samples 
of vegetation were collected and stored for 
analysis at a more convenient time. The sam- 
ples were analyzed for gross alpha activity 
during the fourth quarter, 1960 and first and 
second quarters, 1961. The average concen- 
trations are given in table 6 in terms of mi- 


cromicrocuries per kilogram dry weight. Two 
samples containing 1044 and 1182 uwuc/kg, 


analyzed during second quarter 1961, were dis- 
carded as statistically invalid in computing the 
averages. The analyses of the vegetation sam- 
ples yield no evidence of any escape of radio- 
active materials to the environment. 








| 
| 
' 
; 
| 


TaBLe 6.—GROSS ALPHA ACTIVITY IN VEGATATION 


















































Growing season during Number Average 
which sample was Period during which analysis was made Category of concentration 
collected | samples (upc/kg dry 
— maine. SS | 
i canitinsininiteictensinieniahina DOI is snncisnnnthannnnncnnmanindeiammentitide uecaieliehnalicelinisshetipeltaainianigleindcaaniiadiianiaien | 25 86 
ne ecb omeneeae | Fourth quarter, 1960... af iit tdinecccnctonscecesusannetees 16 76 
| a a 14 82 
ES a Se 28 70 
Ee, 8 75 
La vere BI IINI DIE selina cin dnd teermeianhiadeagegaaietl Distance from plant: 
a ee 168 | 50 
3-18 miles- 132 59 
| TLR: MS a Ee TIO 1 | 50 
Se eee Ret ee ie eae aera a eer 444 | 64 
| | go = 50 
ESET OSSD TOTO ORCAS, EET 389 73 


Nevada Test Site 


Atomic Energy Commission 


The Atomic Energy Commission is conduct- 
ing routine radiological monitoring operations 
in the vicinity of the Nevada Test Site during 
its current testing activities, as it has during 
previous test series. The monitoring activities 
include the operation of portable survey meters, 
and air samplers which draw air through filter 
paper, and the placement of film badges at var- 
ious locations. The results are being made 
available to the public, as has been the case for 
past tests. 

Although current United States testing activ- 
ities are underground, radiological monitoring 
is being conducted because of the possibility 
that small amounts of radioactivity could be 
released to the surface through the tunnel 
mouth or through vents created by a detona- 
tion. This has occurred in certain previous 
underground detonations. Such releases com- 
prise Only a very small fraction of the radio- 
activity produced, and the radioactivity does 
not extend over a large area. 

The low yield explosions conducted during 
September were contained underground. How- 
ever, a short time after the detonation of Sep- 
tember 15, 1961 there was a brief release of 
steam from the tunnel mouth, following which 
low levels of radioactivity were detected in the 
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vicinity of the Test Site. Data accumulated 
off-site are reported in tables 7 and 8. 

These measurements show that more than 
99 percent of this radioactivity was due to 
drifting gases which had escaped with much 
less difficulty than the solid products that pre- 
dominate at the source of the explosion. It 
has been estimated that the amount of radio- 
active material that will ultimately be deposited 
off-site from this low yield underground test 
is less than one hundred-thousandth (0.00001) 
of that resulting from an equivalent, low-level 
atmospheric test. 


Public Health Service personnel, who con- 
duct the monitoring under an arrangement 


TaBLe 7.—EXTERNAL GAMMA LEVELS* 


[Dose-rate in mr/hr] 








| Hours after | 


Location | shot time | Dose-rate > 








A ranch—east of Warm Springs, Nev 


APES EPs | es 3.3 | 12.5 
4.1 | 1.2 

4.8 0 
6.3 0.0 
Highway—northeast of Warm Springs, Nev. °..-..- 3.4 d 14.0 
Highway—southeast of Warm Springs, Nev. °...-- 2.5 | 0.12 
EC, a ctndetssintainthdcenintiihtedetranidetieibgcnrieaiianse 5.0 0.2 





® Resulting almost entirely from passing of the radioactive gases. 

b As the table indicates, these radiation {levels were of brief duration. The 
maximum exposure any resident could have received would not exceed 18 
milliroentgens total. Background radiation for this region of the country is 
about 200 milliroentgens per year. 

© Non-populated area. 

d Highest recorded reading off-site. 


















































TaBLE 8.—GROSS BETA DETERMINATIONS OF SURFACE AIR 





—— 


[Concentrations in uwyc/m!) 








ze 
ition ' — —_—__—_—_— —— es —_—_~ — - 
md End of sampling period Length of | Counted 
— ——— impling Act 
Location period | 
intact Date Time r:min Date 
4 ve ] 202 « Sept. 1 
si v : Sept. 1 
l } Sept. 1 
— S 1 2: ept. 1 
~/ ? ] ; 24:3 ont 11 
on R Sept : ept. If 
~ l ) ept. lt l 
—s Se] ' pt. It 
) | p Wells Sep ept 
vith the AEC, have estimated that in any in- counted shortly after removal from the collec- 
habited area in the vicinity of the Test Site, tor to obtain an early estimate of the activity. 
he maximum exposure that any resident could In doing so, some natural radioactive materials 
have received was minute—not exceeding 18 were still present [daughters of radon (Ra***) 
milliroentgens. and thoron (Ra**°)] that would give higher 
The 18 milliroentgens may be compared to than the correct readings. Upon recounting 
an average exposure in that general area of the filters five days later, the activities on most 
ted about 200 milliroentgens each year from nat- of the filters were down to background values 
ural background radiation. (less than one micromicrocurie per cubic 
an The filters from the air samplers were meter). 
to 
ich 


re =f ANNOUNCED RUSSIAN NUCLEAR DETONATIONS 





~~ Radiological Health Data, Volume II, Num- tests through November 2, 1961. Low yield 
te ber 10 published the dates of the Union of range has been announced as meaning about a 
est Soviet Socialist Republics announced nuclear nominal (20 kiloton) yield; low-intermediate 
= detonations through October 3, 1961. The fol- to mean between a nominal and one megaton 
ve lowing table gives information on subsequent yield. 
on- Test 
ent number Location Date Size Py pe 
17 Novaya-Semlya_ _- October 4 ._..| Several megaton Atmospheric 
ae Novaya-Semlya October 6 _..| Several megaton-- Atmospl e! 
19 ...| Novaya-Semlya = ; October 8_ --- Low yield 7 Atmospheric 
20 ..| Semiplatinsk _- : —_ October 12... ..| Low to intermediate yield Atmospheric. 
onli ie ennai Novaya-Semlya : October 20___-.-| Several megaton ' | Atmospheric. 
” 7 22 ....| Novaya-Semlya-_-_.........--.| October 23- .| 25 megaton ; .| Atmospheric. 
12 ine eiasel i South of Novaya-Semlya___._| October 23__.-_-.| Low yield , ..--| Underwater 
4 24_.......| Novaya-Semlya_-__.......--- October 25._...| Intermediate to high yield .| Atmospheric 
14.0 29. . ..-| Novaya-Semlya-._.........-- October 27 _| Low to intermediate yield | Atmospheric 
0.12 as 7 . ~ } | 
0.2 a Novaya-Semlya ‘ October 30_____| 50 megaton a ..----| Atmospheric (about 12,000 
— feet). 
o — See Novaya-Semlya_ _- October 31- Several megaton : Atmospheric. 
d 18 _ ene Novaya-Semlya_ -- October 31____-.| Intermediate to high yield Atmospheric 
a dine 29___._....| Novaya-Semlya : November 2___-_| Low to intermediate yield Atmospheric 
00____._..| Novaya-Semlya November 2___-| Low to intermediate yield Atmospheric 











To: Superintendent of Documents 
ORDER BLANK FOR RHD Government Printing Office 


Washington 25, D.C. 


Please enter my Subscription for Radiological Health Data. | am enclosing Money Order L) 
Check C for this subscription. ($5.00 a year; $1.50 additional for foreign mailing.) 


Please address the RHD as follows: 





wta, 
< % 








UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON 25, D.C. 1961 


For sale by the Superintendent of Documents, U.S. Government Printing Office, Washington 25, D.C. 
Subscription price $5.00 a year, $1.50 additional for foreign mailing. 
Price for a single copy of this issue is 50 cents. 





